Introduction
============

There are an estimated 366 million people with diabetes worldwide, the majority of whom will ultimately develop diabetic retinopathy.[@b1-opth-9-757],[@b2-opth-9-757] Diabetic retinopathy is the leading cause of blindness in young to middle-aged adults in the developed world. Therefore, it is important to address modifiable risk factors to prevent sight-threatening diabetic retinopathy. Numerous population-based studies have examined the prevalence of diabetic retinopathy and have attempted to identify risk factors for its development and progression.[@b3-opth-9-757]--[@b9-opth-9-757] These studies have yielded conflicting results. Diabetes duration, higher average blood glucose, insulin therapy, hypertension, male sex, obesity, and albuminuria have all been identified as independent risk factors for the development of retinopathy.[@b5-opth-9-757],[@b7-opth-9-757],[@b8-opth-9-757] However, other studies that refute many of these risk factors exist.[@b7-opth-9-757],[@b10-opth-9-757]

The metabolic syndrome refers to the co-occurrence of elevated plasma glucose, excess abdominal adiposity, elevated blood pressure, and dyslipidemia.[@b11-opth-9-757] The clustering of these risk factors is believed to act synergistically to cause various vascular morbidities. This increasingly recognized and increasingly prevalent syndrome is associated with a significantly increased risk of cardiovascular disease and type 2 diabetes.[@b12-opth-9-757]--[@b15-opth-9-757] Population studies show that metabolic syndrome is common, even among children and adolescents.[@b16-opth-9-757],[@b17-opth-9-757]

While metabolic syndrome has been strongly implicated as a risk factor for macrovascular diseases such as stroke and cardiovascular disease, its relationship with microvascular diseases, including diabetic retinopathy, has been less defined.[@b11-opth-9-757],[@b18-opth-9-757] There are currently studies that suggest an association between metabolic syndrome and diabetic retinopathy,[@b13-opth-9-757],[@b19-opth-9-757],[@b20-opth-9-757] and others that demonstrate no significant increase in diabetic retinopathy among patients with metabolic syndrome compared to diabetic patients without metabolic syndrome.[@b21-opth-9-757],[@b22-opth-9-757] None of these studies distinguished between diabetic retinopathy severity, which could account for the different findings if proliferative retinopathy had different representations, for example. Current treatment of diabetes and diabetic retinopathy include annual eye examinations, laser photocoagulation, intravitreal injections of anti-vascular endothelial growth factor drugs or steroids, and vitreoretinal surgery. If metabolic syndrome was strongly associated with the development or severity of diabetic retinopathy, modifying these risk factors could be advocated to alter the disease process. Therefore, the purpose of this study was to determine whether metabolic syndrome was more common in individuals with diabetic retinopathy and whether metabolic syndrome was more prevalent in those with more severe retinopathy.

Materials and methods
=====================

The study protocol was approved by the Institutional Review Board for Human Subjects Research at the University of Iowa, and the study adheres to the tenets set forth in the Declaration of Helsinki.

Study population
----------------

A retrospective chart review identified patients with proliferative diabetic retinopathy (PDR) and nonproliferative diabetic retinopathy (NPDR) seen at the Ophthalmology Clinic of the University of Iowa over a period of 5 years. Patients were included if their University of Iowa medical record included blood pressure, fasting lipid profile, height, and weight. Patients were excluded if these data were not available or if they had other coexisting conditions that could also be responsible for their degree of retinopathy, such as radiation exposure or retinal venous occlusion. Diabetic patients without diabetic retinopathy and nondiabetic patients seen during the same period in the University of Iowa primary care clinics were also randomly identified for comparison. The same inclusion and exclusion criteria were applied to these latter patients.

Demographic data collected included age, sex, weight, height, hypertensive status (high blood pressure or blood pressure medication), and dyslipidemia (fasting levels of high-density lipoprotein \[HDL\] and triglycerides or intake of lipid-altering medications). Patients with diabetic retinopathy were divided into PDR and NPDR groups by the presence or absence of neovascularization. All data were obtained within 6 months of the retinal examination and diagnosis in the diabetic group.

Metabolic syndrome
------------------

The patient data were used to determine the presence or absence of metabolic syndrome in all patients. The 2006 International Diabetes Federation (IDF) definition of metabolic syndrome was used for this study.[@b12-opth-9-757] This definition requires central obesity to be present, which is defined as a waist circumference \>94 cm for males and \>80 cm for females. A body mass index (BMI) \>30 kg/m^2^ may be used as a surrogate for increased waist circumference. Because of the retrospective nature of this study, no patient had a recorded waist circumference, and therefore, BMI was used as the primary determinant of central obesity. In addition to an elevated BMI, two of the following criteria must also be met: serum triglycerides ≥150 mg/dL or specific treatment for this abnormality; serum HDL \<40 mg/dL in males or \<50 mg/dL in females or specific treatment for this abnormality; systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg or treatment for previously diagnosed hypertension; and the final criterion is a fasting plasma glucose ≥100 mg/dL or previously diagnosed type 2 diabetes.

Statistical analysis
--------------------

Data were entered into a Microsoft Office Excel version 11.8 spreadsheet (Microsoft Corporation, Redmond, WA, USA). Statistical analysis was performed using SAS version 9.2 (Cary, NC). The difference in mean of continuous variables, such as age and BMI, between subgroups was compared using the analysis of variance (or Kruskal--Wallis test, if appropriate), and the difference in percentages of categorical variables, such as sex and metabolic syndrome, between subgroups was compared using the Fisher's exact test. The comparison of the mean number of components of metabolic syndrome between the subgroups was performed using Kruskal--Wallis test. The association between diabetic retinopathy and metabolic syndrome, along with the components of metabolic syndrome, was calculated as the odds ratio (OR) and 95% confidence interval (CI) using age- and sex-adjusted logistic regression model. *P*-values \<0.05 were considered statistically significant.

Results
=======

Four hundred patients were identified in our study. Among these, there were 300 patients with diabetes, of whom 100 had no diabetic retinopathy, 100 had NPDR, and 100 had PDR. In addition, 100 nondiabetic control subjects who met the inclusion criteria were included. There was no significant difference in sex (*P*=0.23) among the different groups of patients that were analyzed. There was a small difference in the age among the different groups, whereby PDR patients had an average age of 52.6±11.2 years compared to nondia-betic patients, who had an average age of 58.8±11.4 years (*P*=0.001) ([Table 1](#t1-opth-9-757){ref-type="table"}).

We determined how many subjects met the individual criteria for metabolic syndrome ([Figure 1](#f1-opth-9-757){ref-type="fig"}). In addition, an age- and sex-adjusted logistic regression model was used to determine the ORs for the association between diabetes and metabolic syndrome ([Table 2](#t2-opth-9-757){ref-type="table"}). Of the 300 patients with diabetes, 69.3% (208/300) met the criteria for metabolic syndrome, whereas only 27.0% (27/100) of the nondiabetic patients met the criteria. This difference was statistically significant (*P*\<0.0001) (OR =6.28; 95% CI: 3.76--10.49; *P*\<0.0001) ([Figure 1](#f1-opth-9-757){ref-type="fig"} and [Table 2](#t2-opth-9-757){ref-type="table"}). Among patients with diabetes, the presence of diabetic retinopathy was not associated with a higher prevalence of metabolic syndrome; metabolic syndrome was observed in 67.5% (135/200) of patients with retinopathy and 73% (73/100) of diabetics without retinopathy (*P*=0.36) (OR =0.77; 95% CI: 0.45--1.32; *P*=0.34) ([Figure 1](#f1-opth-9-757){ref-type="fig"} and [Table 2](#t2-opth-9-757){ref-type="table"}). In addition, the severity of diabetic retinopathy was not associated with metabolic syndrome: the prevalence of metabolic syndrome was 72% (72/100) in patients with NPDR compared to a prevalence of 63% (63/100) among patients with the more severe form of retinopathy, namely, PDR (*P*=0.23) (OR =0.70; 95% CI: 0.38--1.30; *P*=0.26) ([Figure 1](#f1-opth-9-757){ref-type="fig"} and [Table 2](#t2-opth-9-757){ref-type="table"}).

Each of the criteria for metabolic syndrome was examined individually for its impact on the presence of diabetes ([Figure 1](#f1-opth-9-757){ref-type="fig"}). Compared to nondiabetic patients, all of the components of metabolic syndrome were predictive of diabetes, including obesity (70% vs 34%, *P*\<0.0001), hypertension (93.3% vs 70%, *P*\<0.0001), elevated triglycerides (82% vs 57%, *P*\<0.0001), low HDL (73.7% vs 40%, *P*\<0.0001), and fasting glucose (100% vs 35.1%, *P*\<0.0001) ([Figure 1](#f1-opth-9-757){ref-type="fig"}). After adjusting for age and sex with a logistic regression model, the presence of hypertension was the most important predictor of having diabetes (OR =8.30, 95% CI: 4.21--16.33) ([Table 2](#t2-opth-9-757){ref-type="table"}). The next most important factor in predicting diabetes was the presence of metabolic syndrome (OR =6.28; 95% CI: 3.76--10.49), which was followed by HDL (OR =6.05, 95% CI: 3.60--10.16), BMI (OR =4.58, 95% CI: 2.81--7.46), and triglycerides (OR =3.64, 95% CI: 2.18--6.07).

The individual components of metabolic syndrome were then evaluated for an association with the presence and severity of diabetic retinopathy ([Figure 1](#f1-opth-9-757){ref-type="fig"} and [Table 2](#t2-opth-9-757){ref-type="table"}). Among the components, only hypertension was observed more frequently in patients with PDR compared to patients with NPDR (OR =4.40; 95% CI: 1.02--18.92; *P*=0.047), and this relationship was only seen after adjusting for age and sex ([Figure 1](#f1-opth-9-757){ref-type="fig"} vs [Table 2](#t2-opth-9-757){ref-type="table"}). There was a trend toward elevated systolic blood pressure being predictive of diabetic retinopathy compared to diabetics without retinopathy (*P*=0.043) ([Table 3](#t3-opth-9-757){ref-type="table"}), although the prevalence of hypertension was no different between patients with and without retinopathy when controlled for the usage of antihypertensive agents, age, and sex (OR =1.82; 95% CI: 0.71--4.67; *P*=0.21) ([Table 2](#t2-opth-9-757){ref-type="table"}). The rest of the components of metabolic syndrome, including obesity, elevated triglycerides, low HDL, and fasting glucose, were seen in equal prevalence among diabetics with and without diabetic retinopathy and among diabetics with NPDR and PDR ([Figure 1](#f1-opth-9-757){ref-type="fig"}, [Tables 2](#t2-opth-9-757){ref-type="table"} and [3](#t3-opth-9-757){ref-type="table"}).

The average number of metabolic syndrome components was compared among the groups ([Table 4](#t4-opth-9-757){ref-type="table"}). Diabetic patients had a mean of 3.91±1.0 components, which was significantly higher than nondiabetic patients, who had a mean of 2.5±1.4 components (*P*\<0.0001). After excluding diabetes as a component, diabetic patients had a mean of 2.91±0.98 components, which was still significantly higher than nondiabetic patients (*P*=0.004). However, there was no significant difference in the number of components among diabetic patients without diabetic retinopathy (3.92±1.0), NPDR (3.89±1.0), and PDR (3.93±0.9) (*P*=0.97).

Discussion
==========

Although metabolic syndrome is clearly a risk factor for macrovascular disease, its association with microvascular disease such as diabetic retinopathy is unclear.[@b11-opth-9-757],[@b18-opth-9-757] In our study, we found no association between metabolic syndrome and the prevalence of diabetic retinopathy. In fact, none of the components of metabolic syndrome, including obesity, hypertension, hyperlipidemia, triglycerides, or fasting glucose, were found to be risk factors for the presence of diabetic retinopathy in our study, although there was a trend of elevated systolic blood pressure being more prevalent among patients with diabetic retinopathy. A recent cross-sectional study assessing the prevalence of diabetic retinopathy in the USA identified male sex, hemoglobin A1c, duration of diabetes, hypertension, and insulin use as risk factors for the development of diabetic retinopathy.[@b23-opth-9-757] Interestingly, there was no association between BMI and diabetic retinopathy in that study. This supports our observation of a lack of association between metabolic syndrome and diabetic retinopathy because the single required and most important attribute for metabolic syndrome according to the IDF definition is central obesity as defined by an increase in BMI or enlarged waist circumference.

While prior studies support our finding of a lack of association between metabolic syndrome and diabetic retinopathy,[@b21-opth-9-757],[@b22-opth-9-757] some other studies have suggested an association between the two diseases.[@b13-opth-9-757],[@b19-opth-9-757],[@b20-opth-9-757] It is possible that using the IDF criteria instead of different criteria for identifying metabolic syndrome may account for some of the differences between our study and others that did identify an association between metabolic syndrome and retinopathy. For instance, Costa et al[@b19-opth-9-757] found an association between metabolic syndrome and retinopathy using the World Health Organization criteria, which requires the presence of insulin resistance or diabetes, along with the presence of two or more of the following criteria: hypertension, obesity, hyperlipidemia, and microalbuminemia. In contrast, the IDF definition places obesity as the required criterion, and therefore our findings of a lack of an association between metabolic syndrome and retinopathy may be a reflection of there being no association between obesity and retinopathy. The IDF definition, which places the highest emphasis on obesity, is the most widely accepted definition because the pathogenesis of metabolic syndrome is thought to result primarily from obesity;[@b24-opth-9-757] therefore, this definition is likely the best to determine the impact of metabolic syndrome on retinopathy.

Our study was the first to specifically look at metabolic syndrome and its association with the severity of diabetic retinopathy. We demonstrated that there was no relationship between metabolic syndrome and increasing severity of diabetic retinopathy as evidenced by the lack of difference in the prevalence of metabolic syndrome between diabetics with nonproliferative retinopathy, and those with the more severe, proliferative retinopathy. When comparing risk factors for severity of diabetic retinopathy, among the components of metabolic syndrome, only hypertension was found to be associated with more severe diabetic retinopathy. Hypertension has also been reported as a risk factor for the severity of diabetic retinopathy in other studies.[@b25-opth-9-757]--[@b27-opth-9-757]

The lack of an association between metabolic syndrome and diabetic retinopathy was somewhat surprising because metabolic syndrome has been associated with other vascular diseases. The pathologic effect of metabolic syndrome is thought to cause increased inflammation and oxidative stress,[@b28-opth-9-757] which could potentially be more pronounced in large-vessel disease than in microvascular disease such as that involving the retina. This provides a potential explanation for the lack of association between metabolic syndrome and diabetic retinopathy in our study. Indeed, despite multiple studies consistently showing a strong association between metabolic syndrome and cardiovascular disease, the connection between metabolic syndrome and microvascular disease, such as renal disease and retinopathy, has either been lacking or reported with a weaker association compared to cardiovascular disease.[@b11-opth-9-757],[@b18-opth-9-757],[@b29-opth-9-757] In fact, one study[@b30-opth-9-757] demonstrated a negative correlation between metabolic syndrome and the stage of renal failure.

Limitations of our study could include its retrospective design and sample size. A larger sample size could potentially uncover more associations between the components of metabolic syndrome and diabetic retinopathy. Because waist circumference is not routinely measured at the University of Iowa, we used BMI as a surrogate measure of abdominal adiposity. While this is acceptable according to the IDF definition, it may lead to some underestimation of the prevalence of obesity in our population. Moreover, in addition to serum lipids and systemic blood pressure measurements, we accepted the use of blood pressure- and lipid-lowering medications as criteria, which is part of the IDF criteria but has not been used in all other studies. Lastly, our study did not control for the exact duration of diabetes or insulin dependence, largely because these data were not available in patients referred solely for retinal eye examination and treatment. Recent studies indicating that longer duration of diabetes and insulin dependence are linked to the presence and severity of diabetic retinopathy despite a lack of association between BMI and retinopathy suggests that these latter two variables would not be expected to influence our results on the prevalence of metabolic syndrome.[@b23-opth-9-757]

Conclusion
==========

In summary, our study indicates that metabolic syndrome and obesity are not significant risk factors for the development or severity of diabetic retinopathy in our study population. Although all the factors of metabolic syndrome are important to control for the general health of the patient, our study suggests that obesity and hyperlipidemia do not play a role in the development of diabetic retinopathy, while hypertension likely has an influence on the severity of diabetic retinopathy. Ocular examinations and surgical therapies directed to the eye remain the primary focus for ophthalmologists.
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![The frequency of metabolic syndrome and its components.\
**Notes:** Metabolic syndrome and all of its components were seen more frequently in diabetics compared to nondiabetics (P\<0.0001). However, metabolic syndrome was not predictive of the presence or severity of diabetic retinopathy.\
**Abbreviations:** BMI, body mass index; DR, diabetic retinopathy; FPG, fasting plasma glucose; HDL, high-density lipoprotein; HTN, hypertension; NPDR, nonproliferative diabetic retinopathy; PD, proliferative diabetic retinopathy.](opth-9-757Fig1){#f1-opth-9-757}

###### 

Patient demographics

                                                               No DM         DM, no DR     NPDR          PDR
  ------------------------------------------------------------ ------------- ------------- ------------- -------------
  Subjects, n                                                  100           100           100           100
  Age[\*](#tfn1-opth-9-757){ref-type="table-fn"}, years (SD)   58.8 (11.4)   55.7 (12.1)   57.6 (11.4)   52.6 (11.2)
  Sex[†](#tfn2-opth-9-757){ref-type="table-fn"}, % male        46%           54%           60%           50%

**Notes:**

Analysis of variance: *P*=0.001 for age;

Fisher's exact test: *P*=0.23 for sex.

**Abbreviations:** DM, diabetes mellitus; DR, diabetic retinopathy; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; SD, standard deviation.

###### 

Age- and sex-adjusted logistic regression model for metabolic syndrome and its components

                       Diabetes\*                                  Diabetic retinopathy[†](#tfn5-opth-9-757){ref-type="table-fn"}   Severe diabetic retinopathy[‡](#tfn6-opth-9-757){ref-type="table-fn"}
  -------------------- ------------------------------------------- ---------------------------------------------------------------- -----------------------------------------------------------------------
  Metabolic syndrome   OR =6.28; 95% CI: 3.76--10.49; *P*\<0.001   OR =0.77; 95% CI: 0.45--1.32; *P*=0.34                           OR =0.70; 95% CI: 0.38--1.30; *P*=0.26
  BMI                  OR =4.58; 95% CI: 2.81--7.46; *P*\<0.001    OR =0.75; 95% CI: 0.44--1.28; *P*=0.29                           OR =0.74; 95% CI: 0.40--1.37; *P*=0.34
  Hypertension         OR =8.30; 95% CI: 4.21--16.33; *P*\<0.001   OR =1.82; 95% CI: 0.71--4.67; *P*=0.21                           OR =4.40; 95% CI: 1.02--18.92; *P*=0.047
  Hyperlipidemia       OR =6.05; 95% CI: 3.60--10.16; *P*\<0.001   OR =1.21; 95% CI: 0.62--2.38; *P*=0.57                           OR =1.87; 95% CI: 0.79--4.42; *P*=0.16
  Triglycerides        OR =3.64; 95% CI: 2.18--6.07; *P*\<0.001    OR =0.84; 95% CI: 0.44--1.60; *P*=0.60                           OR =1.88; 95% CI: 0.88--4.01; *P*=0.10

**Notes:**

Diabetics compared to nondiabetics;

Diabetics with diabetic retinopathy compared to diabetics without retinopathy;

Diabetics with proliferative diabetic retinopathy compared to diabetics with nonproliferative diabetic retinopathy.

**Abbreviations:** BMI, body mass index; CI, confidence interval; OR, odds ratio.

###### 

Average values for metabolic syndrome components

                                                     No DM             DM, no DR     NPDR          PDR           *P*-value
  -------------------------------------------------- ----------------- ------------- ------------- ------------- -----------
  BMI ± SD (kg/m^2^)                                 28.7±7.0          36.2±10.0     34.9±8.1      33.8±8.6      \<0.001
  Systolic blood pressure ± SD (mmHg)                131.5±18.3        129.5±17.2    134.4±18.5    136.9±19.7    0.043
  Diastolic blood pressure ± SD (mmHg)               76.7±11.9         74.9±9.0      71.7±10.1     74.1±11.4     0.010
  HDL ± SD (mg/dL)                                   58.1±16.2         46.2±17.6     43.4±13.1     45.3±14.1     \<0.001
  Triglycerides ± SD (mg/dL)                         128.1±73.3        190.9±199.9   173.5±180.8   167.5±121.8   0.020
  FPG\* ± SD (mg/dL)                                 96.9±14.1; n=94   164.6±77.5    176.4±82.9    164.1±80.2    \<0.001
  \% patients taking antihypertensive medication     53%               84%           92%           93%           \<0.001
  \% patients taking antihyperlipidemic medication   40%               71%           71%           79%           \<0.001

**Notes:**

Fasting glucose was not available for six patients in the no-DM group.

**Abbreviations:** BMI, body mass index; DM, diabetes mellitus; DR, diabetic retinopathy; FPG, fasting plasma glucose; HDL, high-density lipoprotein; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; SD, standard deviation.

###### 

Frequency of metabolic syndrome components

  Number of metabolic syndrome components   Frequency of components                                               
  ----------------------------------------- --------------------------------------------------- -------- -------- --------
  0                                         8/94                                                0        0        0
  1                                         18/94                                               3/100    3/100    1/100
  2                                         22/94                                               6/100    9/100    4/100
  3                                         19/94                                               18/100   15/100   26/100
  4                                         21/94                                               42/100   42/100   39/100
  5                                         6/94                                                31/100   31/100   30/100
  Metabolic syndrome                        27/100[†](#tfn11-opth-9-757){ref-type="table-fn"}   73/100   72/100   63/100

**Notes:**

Fasting glucose was not available for six patients in the no-DM group;

*P*\<0.001.

**Abbreviations:** DM, diabetes mellitus; DR, diabetic retinopathy; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.
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